it is important for surgeons to be able to accurately assess and diagnose child abuse. While they are generally not the only medical professionals involved in the care of children with suspected abuse, they are highly regarded by hospital and social service staff, and their input regarding the cause of injury is unlikely to be ignored. appropriate diagnosis of abusive injury can prevent future morbidity and mortality in these vulnerable patients, and can also reduce the trauma to families from false accusations of abuse. a sensitive and open-ended history, thorough physical examination, appropriate diagnostic workup with consideration of child abuse as an underlying cause, appropriate documentation of findings, and determination of safety for discharge can greatly improve an abused child's current and future health and safety.
potential for harm (1). The incidence of physical abuse is difficult to quantify, as definitions vary across countries, and across studies. More importantly, parents and caregivers are often reluctant to acknowledge that they may be perpetrators of physical abuse. Estimates of physical abuse in high-income countries range from 4-16% (2). The WorldSAFE study, conducted by the World Health Organization used the Parent Child Conflict Tactics Scale to identify harsh physical punishment in 5 countries (Chile, Egypt, India, Philippines, and U.S.A.). Rates of hitting children with an object varied from 4-36%, while spanking rates varied from 29-75% (3). It seems clear that physical abuse is prevalent in most countries, and that resultant injuries are not rare.
The epidemiology of child physical abuse varies by type of injury. The incidence of abusive head trauma is approximately 30 cases per 100,000 children younger than 1 year. The rate drops as children get older, with 17 cases per 100,000 children under 2 years of age (4, 5). Abusive abdominal trauma occurs less commonly than abusive head trauma, with estimates ranging from 2.3 to 9 cases per 1 million children younger than 5 years (6, 7) . Approximately 25% of all abdominal trauma hospitalizations in infants (children under 1 year of age) are the result of inflicted injury (7) . Among hospitalized children, approximately 25% of fractures in children under 1 year of InTRODUCTIOn Surgeons have an important role to play in the identification and management of children with injuries from physical abuse. Because child physical abuse may be associated with significant morbidity and mortality, appropriate diagnosis and reporting of abuse to public authorities may protect a child from further harm. Research has documented that many children who die from maltreatment had been seen by a medical provider prior to their death. Given that surgeons are often called upon to treat head, bone, skin, and abdominal injuries due to abuse, it is imperative that they be familiar with the signs of maltreatment.
Child physical abuse is defined by the World Health Organization as acts of commission by a caregiver that cause actual physical harm or have the age are abusive; while in children age 1-2 years of age, only 3% are from abuse (8). Additionally, between 10% and 25% of childhood burns are attributed to abuse (9).
Compared with children with accidental injuries, abused children have elevated risks of morbidity and mortality. Maltreated children are more likely than children with accidental injuries to have severe injuries, to be admitted to intensive care, and to die (10) . In addition, the care of abused children is more costly than that of nonabused children, even when severity of illness is taken into account (11, 12) .
Abused children also are at risk for poor long-term emotional and physical health. Adults who were abused as children have higher rates of post-traumatic stress disorder, substance abuse, depression, and suicide (13) (14) (15) (16) (17) . They have higher rates of physical illness as well, including heart disease, liver disease, and some forms of cancer.
ETIOLOGy
The etiology of abuse is complex and multifactorial, stemming from risk factors related to the child, the parent(s), the family, and society. At the level of the child, any characteristic that demands increased caregiver attention, including premature birth, infant colic, behavioral problems such as attention deficit hyperactivity disorder, can raise the risk of abuse (18) (19) (20) . Challenging developmental periods may increase the risk of maltreatment. For example, soiling during toilet training may increase the risk of inflicted burns. Parental risk factors that may contribute to maltreatment include depression, substance abuse, and personal history of maltreatment (9, 21). Family unemployment, poverty, social isolation and intimate partner violence also may increase the risk for physical abuse (20) (21) (22) . Finally, environmental factors such as community violence and lack of adequate child care may also contribute (23, 24) .
A number of studies have identified racial and class biases in the identification and reporting of maltreatment. For example, some studies have indicated that providers are more likely to evaluate for and report abuse in minority families, when compared to white families (25, 26) . Poor children with accidental injuries are more likely to be referred to child protective services (CPS) than are non-poor children with similar injuries, and abuse is more often missed in middle and high income families (27) . Thus, depending on these factors to guide suspicion of child maltreatment presents the danger of both overdiagnosis and underdiagnosis.
MECHAnISMS AnD PATTERnS OF InJURy SUGGESTInG CHILD PHySICAL ABUSE
When an injured child presents to medical care, careful consideration of the pathophysiology and possible mechanisms are necessary to determine whether an injury is inflicted or accidental.
Bruising
Bruising in preambulatory children is rare, occurring in only approximately 1% to 2% of infants (28) . Therefore, any bruises in children not yet cruising (i.e. walking with support) should raise suspicion for possible abuse. As children become more mobile, they will acquire accidental bruises. Common locations for accidental bruises include areas over bony prominences, such as shins, elbows, and forehead. Bruising on other areas such as the buttocks, genitalia, and ears is less common, and should raise concern about possible abuse (29) .
The color of bruises is not a reliable indicator of the timing or age of the injury. Bruises assume a range of hues as extravasated red blood cells break down; the appearance over time can be affected by skin color, the severity of injury, the depth and location of the bruise, and the vascularity of the area (18) .
Burns
The appearance and severity of a burn are based on the temperature of the liquid or object involved and the duration of contact, as well as the location and the vascularity of the skin in the area (36) . Patterns suspicious for abuse include bilateral upper or lower extremity burns (sock or glove distribution), burns isolated to the buttocks or genitalia, burns with a recognizable shape (eg, of an iron or cigarette butt), or burns reportedly caused by a liquid that do not have associated splash marks (30) (31) (32) .
Immersion burns have several distinct features, and are nearly always abusive. If only the arms or legs are placed in hot water, the burn will have a sock or glove distribution, with a clear line of demarcation between burned and unburned skin. If a child is put buttocks first into a tub or large sink, burns will be present in the most dependent areas including the buttocks, the upper thighs, the feet and lower legs, and the elbows. A "high tide" line will be present, indicating the upper level of the water. Flexural creases may be spared, as skin touching skin in these areas will limit contact with hot water. A "donut sign" or area of spared skin on the part of the buttocks that was touching the bottom of the tub may also be seen (31) .
In contrast to immersion burns, splash burns tend to have irregular margins and spatter marks. These burns often appear as an inverted triangle as a result of hot liquid flowing down the body. Superiorly, there is a larger and more severe area of burn, where more and hotter water first contacts the skin. These burns are often the result of a child pulling a container of hot liquid onto him or herself; however, they can also be caused by a caregiver intentionally spilling hot liquid onto a child (33) .
Determining the cause of burns located on body surfaces covered by clothing can be challenging. Irregular margins may reflect the flow of liquid on the clothing, and splash marks may be absent. A detailed history is vital when determining whether these burns are abusive. Reporting the information to child protective services enables a scene investigation, which can be helpful in confirming or refuting a caregiver history.
Abdominal trauma
Compared to adults, young children have less-developed musculature and a shorter distance between the abdominal wall and the vertebral column; these anatomical differences make them more susceptible to serious abdominal injury (34) . Abdominal injuries in children may be overlooked, as their less developed musculature makes bruising less likely and limited verbal skills may make it difficult for them to localize pain. The organs most commonly injured as a result of abuse include the liver, pancreas, and small intestine (6, 7, 35). Children who have abusive abdominal trauma are more likely than children with accidental trauma to have a hollow viscus injury such as a duodenal hematoma (6, 7, 35) .
Fractures no single fracture is pathognomonic for abuse, though certain fractures in certain situations are highly suggestive (36, 37) . Many fractures that are concerning in infants are less so in older children. As children begin walking and become more active, their risk for accidental injury increases considerably. Determining whether a fracture is the result of physical abuse requires consideration of the age and developmental abilities of the child, the biomechanics of the injury, and the anatomy of developing bones. A summary of the specificities of various fractures for physical abuse is shown in Table 1 .
Fractures are the result of specific loading forces applied to bone. Torsional loading (eg, twisting of the leg while falling) will result in a spiral or oblique fracture. A bending load (eg, a direct blow to a bone or a fall onto a hard, protruding surface) will cause a transverse fracture. Compressive loading (eg, falling onto a bent knee or elbow) will lead to a buckle or impaction fracture (38, 39) . A carefully obtained history should elucidate the type of loading force applied and the expected fracture appearance. Suspicion of abuse should increase if the expected appearance of the fracture does not correlate with the radiologic appearance.
Rib fractures: Rib fractures in infants should always raise suspicion for physical abuse. Posterior rib fractures located near the costovertebral junction are generally caused by compressive forces on the infant's chest, which may occur during shaking (40) . Most evidence suggests that cardiopulmonary resuscitation is not an adequate explanation for posterior rib fractures in infants (41, 42) . However, a recent change in infant CPR (cardiopulmonary resuscitation) procedure may increase the risk of anterolateral fractures during chest compression (43) . Rib fractures from birth trauma are rare, but may occur (44) . Discerning abusive versus accidental rib fractures in extremely premature infants can be especially difficult. These infants are at higher risk for abuse given their special medical needs, but also are at increased risk for fractures secondary to osteopenia (45) .
Metaphyseal fractures: Metaphyseal fractures in infants (often called classic metaphyseal lesions, or CMLs) are highly specific for abuse. These fractures occur in the context of tension or shearing forces, eg, during shaking with flailing of the extremities or with forceful yanking or twisting of the arm or leg. The incidence of CMLs decreases substantially as children grow beyond 1 year; fractures restricted to the subphyseal portion of the metaphysis are rare in older children due to changes in ossification and the types of forces that may be inflicted (46) .
Long bone fractures: Femur fractures in nonambulatory children are always concerning for abuse (47) (48) (49) . In contrast, femoral fractures in ambulatory children, particularly those older than 18 months, may be accidental if the history of the injury is consistent with the fracture pattern identified. Spiral fractures result from the application of a torsional force (38) , and are concerning when seen in an infant. However, accidental spiral fractures are common in young ambulatory children. Such injuries often occur when a child runs, plants a foot, and then twists the leg when falling. Another common event is a jumping child who plants his leg and twists it. Without multiple views, spiral fractures may be difficult to distinguish from oblique fractures. In sum, although femur fractures are always concerning in nonambulatory children, in ambulatory children, the history is critical to determining if the proposed mechanism can explain the injury. (46) As with femur breaks, humerus fractures are concerning for nonaccidental trauma in infants but are more often accidental in older children (47) . Supracondylar humeral fractures in older children are most often due to accidental trauma -usually from landing on an outstretched elbow when falling.
Oblique fractures of the distal tibia, or "toddler's fractures" are common in ambulatory children between the ages of 9 months and three years (50) and are generally accidental. Fibula fractures should not be present with a toddler's fracture, however, and the presence of both tibia and fibula fractures should increase concerns for abuse.
Transverse fractures occur perpendicular to the long axis of the bone and are generally caused by significant force such as a fall from a high place or a car crash (38) . A direct blow to a limb can cause an abusive transverse fracture. Buckle fractures occur as a result of a pressing or squeezing force, which may include a history such as falling on an outstretched hand. Buckle fractures are uncommon in young infants, but may occur if a child is thrown down with significant force onto a hard surface or if a caregiver forces a child's arm backward with the intent to cause pain (38) .
Abusive head trauma
Abusive head trauma includes both contact and noncontact injuries. Examples of contact injuries include scalp or galeal contusions and lacerations, subgaleal hematomas, cephalhematomas, skull fractures, epidural hematomas, brain contusions, and extra-axial hemorrhages underlying the point of contact. Examples of noncontact injuries include subdural hemorrhage, concussion, traumatic coma, and diffuse axonal injury. noncontact injuries typically involve translational acceleration (movement of the head in a straight line) or rotational acceleration (spinning of the head around a center axis). Shaking will cause rotational acceleration and, with enough force, causes diffuse subdural hemorrhages, retinal hemorrhages, and hypoxic-ischemic injury. Both the initial traumatic insult to the brain and the resultant disruption of cerebral autoregulation and perfusion can cause brain injury. Although these responses are often described as distinct phases, in reality, there is often no clear point at which primary injury ends and secondary injury begins (50, 51) .
Retinal hemorrhages
The pathophysiology of abusive retinal hemorrhages has been disputed, but experts now believe that the most likely mechanism is the torsional forces that result from shaking. A solid body of evidence documents that retinal hemorrhages are more likely to occur after abusive, rather than accidental, head trauma (52, 53) . Although retinal hemorrhages may be seen in a number of conditions, hemorrhages in multiple retinal layers with extension to the periphery are very specific for abusive injury. In addition, retinoschisis is highly specific for abuse (54) (55) (56) . Time to resolution of retinal hemorrhages depends on their extent and location and ranges from weeks to months (56) . Because of this variability, retinal hemorrhages cannot be dated.
DIFFEREnTIAL DIAGnOSIS
The differential diagnosis for child physical abuse is extensive and varies depending on the child's presenting symptoms or injuries. Table 2 summarizes conditions that should be in the differential diagnosis of physical abuse. 
Including child maltreatment in the differential diagnosis is an important first step in identification. Delay in recognition can lead to additional injuries, morbidity, and even death (57) .
IMPORTAnT HISTORy qUESTIOnS
A complete history should be obtained from the caregivers. Open-ended questions are best. Caregivers should be asked to elaborate on specific details including how, when, and where events occurred and who was present. The child's medical and family history should be established (including an assessment of bleeding or bone disorders). A complete social history should be obtained, detailing who lives with and cares for the child and exploring family stressors. Intimate partner violence and child abuse commonly co-occur; therefore, parents should be assessed directly for IPV. In cases of abusive trauma, caregivers commonly provide a history of accidental injury. Maintaining a high index of suspicion is important so that abuse is not missed. Histories that are inconsistent with the mechanism or severity of injury or with the child's developmental abilities should raise concerns about child abuse (18, 28) . For example, an infant who is not yet rolling would not be able to fall from a bed or couch. Vague, conflicting, or changing histories are also red flags.
PHySICAL ExAMInATIOn
Abused children may present in critical condition; therefore, airway, breathing, and circulation should always be assessed and managed first. During the initial evaluation, careful attention should be paid to neurologic and hemodynamic status, as brain injury and internal bleeding may be present. After stabilization, a thorough physical examination should be conducted, including the following areas: is important in children younger than 2 years, who are at highest risk for abusive head trauma. The initial examination should include an assessment for irritability and responsiveness to surroundings, including response to pain. A Glascow Coma Scale rating should be calculated. The eyes should be examined for asymmetry of pupillary size or movement and ability to fix on and follow an object or person. Other signs that raise concern include head lag in a child who previously demonstrated good head control, generalized increase or decrease in muscle tone, and seizures. In young infants, a bulging fontanelle should raise concern about increased intracranial pressure. Increased systemic blood pressure, decreased heart rate, and decreased respiratory rate (Cushing phenomenon) raise concern about increased intracranial pressure.
DIAGnOSTIC STUDIES (summarized in Table 3) SKELETAL SURVEy A skeletal survey should be obtained for all children younger than 2 years of age who may have experienced maltreatment (18, 58) . Skeletal surveys should also be considered in children between the ages of 2 and 5 years. A "babygram" cannot replace a skeletal survey because it does not allow for adequate visualization of the entire skeleton. An adequate skeletal survey should use a high-detail imaging technique and should include multiple images of each body region.
A follow-up skeletal survey 10 days to 2 weeks after the initial series may improve detection of fractures. Injuries such as rib fractures are difficult to see acutely but become more obvious with callus formation (59) . An alternative to repeating the full skeletal survey is a more limited study, inluding anteroposterior (AP) and bilateral oblique chest radiographs, as well as AP humerus, forearm, femur, and lower leg studies (60) .
RADIOnUCLEOTIDE BOnE SCAn
Radionuclide bone scan may be used as an adjunct to the skeletal survey (18) . A bone scan may be useful in identifying fractures missed by an initial skeletal survey, such as rib fractures or areas of periosteal elevation. However, it can only identify areas of increased bone turnover, and is not specific for fracture. Therefore, suspicious findings need to be confirmed with plain films. Bone scans are also less likely to identify metaphyseal lesions or skull fractures.
HEAD CT AnD MRI
Screening for occult head trauma should be performed in children under approximately 18 months of age with suspected abuse. A non-contrast head CT may identify subdural, subarachnoid, or intra- Mandatory for all children < 2 years of age with an injury concerning for physical abuse (29, 58) Consider for children aged 2-5 years (29, 58) Screening studies (ALT, AST 
TREATMEnT
The first priority is to stabilize the patient and respond to compromises of airway, breathing, and circulation. Specific management of fractures, head and abdominal trauma, and burns goes beyond the scope of this article, but these injuries must be dealt with immediately and appropriately. CPS should be contacted if there is suspicion of child abuse. Decisions about whether to report to CPS should be made after careful consideration of the history of injury, the child's medical and developmental history, and the physical findings. Whenever possible and reasonable, the family should be informed that a report is being filed prior to the call being made. Parents are usually able to deduce where the information originated; thus, reporting without informing them may increase the likelihood of animosity and mistrust toward the medical professional and system. If a hospital social worker is available, he or she may help to facilitate this sensitive discussion.
DOCUMEnTATIOn
The history, physical examination and test results, physician impressions and actions should be clearly documented. Any verbatim comments/statements in the history should be placed in quotation marks and the speaker identified.
ABUSIVE HEAD TRAUMA COnTROVERSIES
A number of articles questioning the causes and existence of abusive head trauma have been published recently in the lay press, and in the legal and medical literature. This section will address several of the most heated controversies.
Brain injury from minor short falls
Injuries from abusive head trauma are sometimes attributed to short falls, such as a fall from a couch. Injuries from short falls are usually minor. A review of 4 manuscripts describing 411 children with publicly witnessed short falls revealed that 1.5% had skull fractures, but there were no subdural hemorrhages or deaths (63) .
Assumption that injury cannot occur from shaking alone
Experimental data from Duhaime et al suggest that shaking alone does not generate adequate force to cause the constellation of findings seen in abusive head trauma; impact was also required (64) . Issues with the applicability to infants of their adult primate data, and their use of a single whiplash injury to represent repetitive rotational injury limit the utility of this study. In addition multiple studies, including case series of confessed shaking; experimental animal, biomechanical, and computer modeling; and case reports of shaken adults with similar clinical findings, all indicate that brain injury, subdural hemorrhage, and retinal hemorrhage can result from shaking alone (65) .
Apnea alone causing abusive head trauma findings
Geddes et al proposed what is often referred to as the unified hypothesis, suggesting that an initial apneic event can lead to altered hemodynamic forces, brain swelling, and extravasation of blood into the subdural space (66, 67) . However, this hypothesis is not supported by other studies of hypoxic-ischemic injury without the presence of subdural hemorrhage (68, 69) and was strongly criticized in a subsequent journal article (70) . In addition, Geddes acknowledged in a court proceeding that the unified theory was a hypothesis, and not proven (71) .
Spontaneous rebleeding of subdural hemorrhage
Rebleeding into an old subdural hemorrhage has been cited as a possible explanation for apparent abusive head trauma (72) . The old hemorrhage could be the result of prior abuse or a noninflicted injury, including birth trauma (73, 74) . The general consensus of the experts is that old subdural hemorrhages can rebleed; however, most experts consider rebleeding in infants to be a slow process that occurs without significant symptoms (51) . Therefore, rebleeding of subdural hemorrhages from birth or from accidental prior injury are unlikely to explain symptoms of acute brain injury. 
